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CN | Abstract 

We show that the Einstein-Hilbert action for the gravitational field can be obtained as 

! a linear low-energy approximation for the dynamical massless fields in the theory with 

| the lagrangian quadratic in the gauge field strength-tensor of spin connection under 

the spontaneous breaking of symmetry with a vacuum state described by an ansatz for 

, nontrivial background strength-tension. 
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(N ■ 1 Introduction 

O ; 

There is the only physical argument for the development of string, superstring and M-theories 
with extended objects in spaces with extra dimensions as well as some other popular topics of 
mathematical physics 0. The motivation is the problem on a consistent local quantum field 
theory of gravitational interactions, since, under the quantization, the classic Einstein-Hilbert 
action for the gravitational field leads to the nonrenormalizable theory. The nonrenormal- 
"kp ' izability implies that the quantum loop corrections cannot be calculated in terms of finite 

number of physical parameters determining the coupling constant of interaction and the nor- 
malization of fields. Instead of that, some infinite set of constants appears in the series of 
operators with growing powers of energy. In this way, a small contribution of such corrections 
as observed empirically, can be explained by the fact that the standard gravitational inter- 
action is the particular contribution giving the valid description in the restricted region of 
energy, only. This contribution is originated from a consistent full theory, so that the match- 
ing of full theory parameters with the couplings of higher operators results in the suppression 
of higher operators. The physical reason for the nonrenormalizability is caused by the dimen- 
sion of gravitational constant determining the interaction of dynamical metric field with the 
energy-momentum tensor. The presence of fundamental dimensional parameter can be natu- 
rally introduced^ in the theories with the extended objects like the strings, membranes and so 
on, so that the consistent quantization of such the objects^ can be done only in the spaces of 

^dn the renormalizable gauge theories with local, point-like, fields the dimensional quantities appear due to 
the spontaneous breaking of symmetry or in the dimensional transmutation in the renormalization group, but 
in the bare lagrangians. 

2 We mean the quantization with no anomalies. 
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higher dimensions. In this way, the principles of renormalizability and gauge invariance lose 
their fundamental role in the construction of action and become auxiliary in the reduction 
of the theory to the observed four- dimensional world. Thus, the quantum gravity makes the 
question on the principal consistency and completeness of local field theory. 

In this paper we develop the idea by Utiyama on the gauge invariance of gravitational 
interactions Q and show how the action quadratic in the strength tensor is reduced to the 
standard Einstein-Hilbert action with the massless gravitons in the low-energy limit under 
the spontaneous breaking of symmetry by introducing an ansatz for the vacuum state. As 
was demonstrated by Stelle || , the introduction of terms quadratic in the Riemannian tensor 
of curvature provides the renormalizability of quantum theory, that is rather natural for the 
general nonabelian gauge theory. Therefore, we get the real possibility to solve the problem 
on the formulation of quantum gravity in the framework of local field theory. 



2 Spontaneous breaking of symmetry 

The starting point of consideration is the action of spin-connection gauge-field A interacting 
with the spinor 9, 

S = Jdet[h]d 4 x j^^ mn ^/-,™ + ^^ (1) 

where we accept the usual notations in the textbook by Wess and Bagger is a tetrad, 

g P1 is a coupling constant of the gauge interaction. The lagrangian in ([!]) is invariant under 
the local gauge transformations by the group SL(2, C) acting on the Weyl spinors 

6' = M6, & = 6M\ 



whereas the infinitesimal transformations with the parameters u, 

M = 1 + a nm u), 
[Mt]- 1 = 1 

are given by the generators 



u Lu r , 



Unm -> 0, (3) 



Jo 4 l u aa° °aa u J ) 

(4) 



L° J $ ~ 4 



~naf3 in _ -map n 



which satisfy the ordinary commutation relations for the spin operators. The covariant deriva- 
tives on the left-handed and right-handed chiral spinors 

a . (5) 

determine the strength tensor of gauge field A 

I v in v v\ •> uv.mn u j , , 

— — 6 

[V V 1 = T a mn 
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so that 

The Noether current, which follows from the gauge invariance under the change of equivalent 
representations of spinor algebra, has the form 

f' nm = ~ [6{x) ^ a nm 6{x) + 9{x) g» a nm 9(x)} . (8) 

In the Pauli gauge for the cr-matrices, <x M = (1, cr), we get 

j*™=le! M ™'j x g vX , j x = 6a x e. (9) 

Further, in the usual way we can derive the current conservation and the Slavnov-Taylor 
identities (see discussions in the extended version of 0). 

Introduce some nonzero vacuum fields leading to the spontaneous breaking of symmetry, 
so that 

where we suppose the following ansatz: 

^lAVjmn i s 9^m9un 9^n9um) 9p{^ ^/ii/inn9pi^ ; (H) 

while T and r D are dynamical fields redefined in accordance with T^ nm = 2A fJitnm , and 
f wmn [i] = iT^^ronfr], so that K w „ m [r] represents the Riemannian tensor of curvature 
as we will see below. Then the contribution into the lagrangian linear in the vacuum fields^, 
takes the form 

C G = -\v 2 K[T\- l -v*n[T% (12) 

where we have introduced the Ricci tensor 7?.^[r] = 7^- 7 Mi7l/ [r] and the scalar curvature 
7S.pT] = TZ^u g^ u . Following Palatini |J, we find that the variation of action over the connection 
gives zero covariant derivative of metric, i.e. it leads to the metric connection expressed in 
terms of Cristoffel symbols for both V and T D , and they are coherent T = T D . The variation 
over the metric gives the Einstein equations. 



The lagrangian of fll2|) coincides with the Einstein-Hilbert lagrangian of general relativity, 



if we put v 2 = j^q, where G is the gravitational constant, and then 

^ = -T^g k ^ (13 > 

Let us stress the most important features of suggested mechanism for the spontaneous breaking 
of gauge symmetry: 

1. The vacuum expectation value of ([0]) is covariant, and it preserves the symmetry with 
respect to general transformations of coordinates. 



2. The expression of ( |TT|) represents the sum of the Riemannian tensor for the space-time 
with the constant curvature (the first term) and that of dual one. 



3 We remove the terms like v 2 e^ vmn TZ^ vmn , since they are equal to zero with the symmetric connection in 
the world indices. 
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3. The field of ([□]) can satisfy the gauge- field equations at zero external sources, if the 
covariant derivative of metric is equal to zero. 

4. The cosmological constant caused by the term quadratic in the vacuum strength-tensor, 
is equal to zero. 



3 Conclusion 

In this paper we have considered an ansatz for the vacuum state leading to the spontaneous 
breaking of gauge symmetry in the theory with the spin connection. To the linear approxi- 
mation in the background vacuum fields this mechanism leads to the Einstein-Hilbert action 
for the gravitons. Therefore, we find the opportunity to solve the problem on the formulation 
of quantum gravity in the framework of local field theory. 

If there are no anomalies, the gauge invariance insures the renormalizability of the theory. 
However, we have to point out the necessity of investigations concerning for massive modes 
appearing under the spontaneous breaking of symmetry, the canonical quantization and the 
role of duality, which is discussed in the extended version ||. In addition, the nonabelian 
character of gauge group leads to the asymptotic freedom of running coupling constant in 
the renormalization group. Thus, the principal idea on the quantum gravity supposed in this 
paper demands a further consideration. 

This work is in part supported by the Russian Foundation for Basic Research, grants 
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